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Introduction 
THE BONE MARROW CELLS 
OF SHEEP 
Studies of bone marrow, its normal morphology, as well as its pathological 
changes, were a relatively unexplored field until a few decades ago. The lack of a 
simple biopsy technique and the rapid post mortem changes were probably the main 
obstacles to intensive investigations. Yet the necessity of such research has been 
recognized for a long time and is reflected in repeated attempts to develop a suitable 
biopsy technique (Wolff, 1903; Ghendini, 1910; Spuler & Schittenhelm, 1913; and 
Zadek, 1921, 1922). However, none of these techniques combined sufficient simplicity 
with a minimum of inconvenience and hazard to the patient to become acceptable as a 
routine procedure. Seyfarth (1923) was the first to develop a sternal biopsy technique. 
However, his trephine method was still too elaborate for routine use and failed to 
make a large amount of material available for research. 
It was only after Arinkin (1929) introduced bone marrow aspiration by sternal 
puncture that such studies were greatly stimulated. The information on bone marrow 
in man has since become extensive and is available in a number of excellent textbooks. 
In animals, on the other hand, our knowledge is much more limited, and publica­
tions on sheep are very few indeed (Grunsell, 1951, 1955a, 1955b, 1955c; Depelchin, 
1956; Schulze and Schiitzler, 1958; Pehl, 1959; Gollmann, 1959; Reher, 1960). 
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So far authors have found the bone marrow cells of sheep sufficiently similar to 
their human counterparts to turn their attention to the perhaps more promising 
attempts to discover significant differences between the myelograms of healthy and 
diseased sheep. This similarity seems to have retarded work on the more basic morpho­
logical study and identification of sheep cells. Only Grunsell (1951) has mentioned a 
marked difference between the staining of neutrophilic granules in sheep and man, 
which was further examined by Winter (1964a, 1964b). Grunsell (1951) has also 
published measurements of sheep cells. 
In this paper morphological details and illustrations of the cells found in bone 
marrow aspirates of sheep are presented, and, where differences exist, compared with 
their better known human counterparts. 
Materials and methods 
All bone marrow samples were taken from Merino sheep. The following pro­
cedure was found to be the most suitable. 
The sheep is put on a table with its back down. The front and hind legs are 
extended cranially and caudally respectively and then tied to the table. Thus the 
sternum is well exposed and little effort is required by the assistant to keep the sheep 
in place. This position was found to be more suitable than the one used by Schulze & 
Schtitzler (1958), who had the front legs flexed and pressed down at the sides of the 
thorax, or the sitting position used by Grunsell (1951) and Gollmann (1959). As some 
animals were used repeatedly for biopsy, particular care was taken to avoid possible 
changes in the bone marrow picture due to infection. The sternum was clipped, shaved, 
and carefully disinfected. 
Contrary to Grunsell ( 1951 ), as well as to Schulze and Schtitzler ( 1958), and in 
agreement with Gollmann (1959) and Reher (1960), neither local nor total anaesthesia 
is required. This is quicker and less distressing for the animal. 
For aspiration I use the needle introduced by Salah (1934), but without its guard. 
The guard is an unnecessary hindrance in sheep, although probably important in man 
because of the proximity of the heart to the site of puncture and possible psychological 
effects. It is advisable to have a number of such needles and 2 ml syringes sterilized for 
each biopsy. 
Immediately before the operation, the needle, without stilet, is attached to the 
syringe and rinsed first in sterile saline and then in 10 per cent sterile solution of EDT A. 
The latter is then expelled as completely as possible by pointing the needle down and 
moving the plunger briskly up and down several times. The syringe is then removed 
and the stilet replaced. The small amount of anticoagulant left in syringe and needle 
does not cause any morphological changes in the cells, yet is sufficient to prevent 
coagulation provided a fresh set of needle and syringe is used for every aspiration. 
With a little experience the site of puncture can be determined by the shape of the 
sternum. This eliminates counting of the ribs to find the second or third sternebrum 
and avoids possible interference with sterile conditions. In Merino sheep best results 
are achieved in an area where the ventral surface of the narrow sternum is at an angle 
of about 30° -45° to the horizontal. The needle is pushed through the skin, at right 
angles to the surface, until it rests on the bone and then a few millimetres further. 
When it is inserted in the right position, a characteristic feeling of suddenly reduced 
resistance and crumbling bone is noticed. A "smooth" feeling indicates insertion into 
the·intersternebral cartilage and the puncture has to be repeated in a slightly different 
position. 
In Merino sheep I have never found it necessary to use more force than can 
reasonably be applied by hand. When the bone is stronger, slight twisting of the 
needle is sufficient for penetration. The stilet is then removed, the syringe attached, 
and 0.2 ml of bone marrow withdrawn. 
With the needle left in the sternum for the time being, the syringe is removed and 
its contents expelled in four to six large drops on scrupulously clean and defatted 
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slides. lt is not necessary to shake the bone marrow in the syringe to mix it with the 
anticoagulant. 
The bone marrow flecks in the aspirate tend to settle onto the glass surface. When, 
after a short time, the slide is held at an angle, most of the blood runs off and the flecks 
can be picked up with fine pointed forceps, put onto a clean slide, and spread by 
placing another slide on top and pulling it along the surface under slight pressure. 
Least damage appears to be done to the cells when a small drop of marrow is covered 
with a second slide, and, after a few seconds when the drop has spread, the two slides 
are pulled apart in longitudinal direction with ·a sliding motion while being held 
together only by capillary attraction and the weight of the top slide. A little experience 
is required to find the right size of drop to make the resulting smear neither too thick 
nor too thin. To avoid unnecessary distortion of the cells by osmotic pressure, the 
slides have to be dried as quickly as possible, particularly under humid weather 
conditions. I use a warm fan for this purpose. 
May-Gri.inwald-Giemsa and Wright have been found the best stains for sheep, 
giving better results than Leishman or Giemsa (Winter, l 964a). 
Nomenclature 
The nomenclature of blood and bone marrow cells is complex and confusing. 
Over the years individual authors and "schools" have been using terms, often without 
correlation and sometimes in antagonism to one another. These difficulties are further 
increased by different views on the development of blood cells. Several theories have 
been advanced (Leitner, 1949, p. 22). The monophyletic or unitarian theory recognizes 
a primitive multi-potential cell as the precursor of all blood cells. The polyphyletic 
theories claim the existence of two (dualistic theory), three (trialistic theory), or more 
stem cells. Theories advocating more than three stem cells are now increasingly 
favoured, and Undritz (1952, p. 6), although not disputing a common origin from the 
reticulo-histiocytic system, finds it more probable that, "after an initial embryonic 
period, each species of blood cell has its own particular stem cell". 
Ackerknecht complained as early as 1912, when studying bone marrow in horses, 
about the lack of unity in morphological and histogenetic classification of bone 
marrow cells. The situation has since become worse. Attempts to unify the nomen­
clature, such as proposed by the Committee sponsored by the American Society of 
Clinical Pathologists and the American Medical Association, may have improved the 
situation in some respects but they have also added new terms to the ones already 
commonly used. 
It is therefore still necessary to start a descriptive account of the bone marrow 
with a definition of the nomenclature used. This is even more advisable when working 
with animals, because the various haematological terms have been developed almost 
exclusively in respect to human material, and authors describing cells from other 
species have fitted these terms, as well as possible, to the animal cells. The following 
classification has been found the most suitable one for sheep: 
Erythrocytic Series 
Proerythroblast 
Erythroblast 
Normoblast 
Late normoblast 
Young erythrocyte 
Mature erythrocyte 
Myelocytic Series 
Myeloblast 
Promyelocyte 
Myelocytes 
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Metamyelocytes 
Band cells 
Segmented cells 
Neutrophilic, eosinophilic, and basophilic granulation can be recognized from the 
myelocyte stage on. 
Miscellaneous Cells 
Lymphocyte 
Plasma cell 
Monocyte 
Promegarkaryocyte 
Megakaryocyte 
Reticulum cell 
Stroma cell 
The bone marrow cells develop imperceptibly from less to more mature forms, 
while the names given to the cells are merely convenient terms for distinguishable 
stages of development. Some stages are characterized by distinct criteria, like granules 
or segmentation, while others are not. 
In order to obtain repeatable results and to reduce the number of borderline cells, 
it is important to define the various stages as clearly as possible. Discrepancies in the 
maturation of the nucleus compared with the cytoplasm are known in certain diseases 
and may cause difficulties of classification, when it is based on the appearance of 
nucleus as well as cytoplasm. For this reason, and in agreement with Israels (1955, 
. p. 5), the stages of the cells have been determined in this paper primarily by the 
nucleus, the cytoplasm supplying only auxiliary characteristics. 
· 
More subdivisions than proposed in this paper would have been possible; how­
ever, excessive refinements make classification of cells unduly difficult and more 
subject to doubtful interpretation, without contributing significantly to the information 
sought from bone marrow examinations. I 
do not distinguish, on morphological grounds, monoblasts or lymphoblasts from 
myeloblasts and agree with Davidson, Davis & 
lnnes 
(1943), who have pointed out
that the various white cell precursors, as described by different authors, are not 
sufficiently clear-cut or constant to permit their recognition in marrow films with any 
certainty. This applies even more to sheep, where, as will be shown later, differences 
between cells are generally less definite than in man. 
Morphology of bone marrow cells 
The measurements of the cells are shown in Table 1. 
Proerythroblast (Figs. I, 2*) 
The proerythroblast is the youngest precursor of the red blood cells. The round 
nucleus is relatively large, occupying most of the cell, leaving only a small rim of 
cytoplasm. Its colour is reddish-purple and its chromatin is arranged in a dense, 
uniform network. Usually two or three, occasionally up to five nucleoli may be seen. 
The nucleoli are of reddish colour, but distinctly paler than the rest of the nucleus. 
The cytoplasm is deep blue, with a perinuclear halo, and is often unevenly stained. 
Erythroblast (Figs. 3, 4, 5, 6, 7, 9, 21, 22, 24, 31, 34) 
The n�1cleus has become smaller and darker, the chromatin forming coarser 
strands and clusters. The nucleoli have disappeared. The cytoplasm is of similar col9ur 
to that in the proerythroblast, or somewhat lighter, and forms an even narrower edge 
around the nucleus. 
· 
*All illustrations are magnified x 1000. The photographs have been taken with Kodachrome II 
film, which shows structure and colours well, except for eosinophilic granules which are poorly 
reproduced. 
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F1G. 1.-(a) Proerythroblast and two late normoblasts. (bJ and (cJ Proerythroblasts. 
FIG. 2.-(a) Proerythroblast; right, two normoblasts; above. segmented neutrophil. (b) Proerythroblast . 
(c) Proerythroblast in mitosis. 
FIG. 3.-(a) Erythroblast; above, two late normoblasts; left , neutrophilic metamyelocyte and a group 
of thrombocytes. (b) Erythroblast; right, segmented neutrophil; below, late normoblast. 
FIG. 4.-(a) Erythroblast; left, normoblast. (b) Erythroblast. (c) Dividing erythroblast. 
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FIG. 5.-(a) Two erythroblasts; left, normoblast. (b) Erythroblast; below, late normoblast. (c) and 
(d) Erythroblasts. 
FIG. 6.-(a) Erythroblast; left, two normoblasts. (b) Two normoblasts, upper one in mitosis; young 
erythrocyte on left of lower normoblasts. (c) Erythroblast; left, normoblast. 
FIG . 7.-(a) Myeloblast; below, stroma cell; right, late normoblast. ( b) Myeloblast; left, two erythroblasts. 
Fm. 8.-(a) Promyelocyte; above, normoblast . (b) and (c) Promyelocytes .  
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a 
b. 
F!G. 9.-(a) Centre, promyelocyte; above, neutrophilic metamyelocyte; above right, two erythroblasts; 
below right, normoblast; left, late normoblast. (b) Centre, promyelocyte; below, late normoblast; 
right, normoblasts; right lower corner, lymphocyte. 
fJG. 10.-(a) Two promyelocytes; left, segmented neutrophil. (b) Centre, promyelocyte; left, two lympho­
cytes; right, two segmented neutrophils; above, below and extreme right, late normoblasts. (c) Centre, 
promyelocyte; left, segmented neutrophil; far left, norrnoblast; right, late norrnoblast. 
FIG. 11.-(a) Neutrophilic myelocyte. (b) Myeloblast; right, neutrophilic metarnyelocyte. (c) Neutrophilic 
myelocyte; left, band neutrophil. 
FIG. I 2.-(a) Centre, neutrophilic metamyelocyte; above, normoblast; below, normoblast in mitosis. 
(b) Myeloblast. (c) Myeloblast; above, normoblast. 
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F1G. 13.-(a) Neutrophilic metamyelocyte; left, normoblast. (b) and (c) Neutrophilic metamyelocytes .  
FIG. 14.-(a) and (b) Segmented neutrophils. (c) Band neutrophil; right, lymphocyte. 
FIG. 15.-(a) From left to right: segmented neutrophil; late normoblast; normoblast; normoblast in 
mitosis. (b) Neutrophilic metamyelocyte. (c) Two band neutrophils. 
FIG. 16.-(a) Normoblast in mitosis. (b) Basophil, nucleus obscured by granules. (c) Centre, neutrophilic 
myelocyte; above, normoblast; below, late normoblast. (d) Segmented neutrophil. 
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FIG. 17.-From above down: two late normoblasts; eosinophilic metamyelocyte; left, eosinophilic 
metamyelocyte; right, band eosinophil; left, segmented neutrophil; r ight, unidentified nucleus; far left, 
stroma cell; below, eosinophilic myelocyte; right, lymphocyte. 
FIG. 18.-(a) Centre, eosinophilic myelocyte; right above, neutrophilic metamyelocyte; below, two 
segmented neutrophils; below left, late normoblast. (b) Centre, eosinophilic myelocyte; below, normo­
blast; above, two segmented neutrophils. (c) Eosinophil ic promyelocyte; below, late normoblast; right, 
neutrophil ic metamyelocyte. 
FIG. 19:.:,{a) Segmented eosinophil. (b) Eosinophil ic metamyelocyte. (c) Eosinophilic myelocyte. 
(d) Segmented eosinophil . 
FIG. 20.-(a) Eosinophilic myelocyte; below, segmented neutrophil. (b) and (c) Segmented eosinophils. 
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FrG. 21.-(a) Segmented basophil; below, two erythroblasts. (b) Basophilic metamyelocyte; above, 
lymphocyte. 
F1G. 22.-(a) Erythroblast; above, normoblast. (b) Band basophil; left, segmented neutrophil. 
(c) Basophilic myelocyte; right, late normoblast. 
FIG. 2 3.-(a) and (d) Monocytes. (b) Neutrophilic myelocyte. (c) Monocyte with vacuoles; above, 
two normoblasts. 
FrG. 24.-(a) Monocyte; left, late normoblast. (b) Plasma cell; above, late normoblast. (c) F ive plasma 
cells. (d) Erythroblast in mitosis; below, distorted erythroblast. 
1 ' 
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F1G. 25.-(a) Neutrophilic myelocyte. (b) Plasma cell. (c) Normoblast; below, lymphocyte with 
azurophilic granules. (d) Plasma cell; below, segmented neutrophil. 
FTG. 26.-(a) Plasma cell. (b) Monocyte. (c) Monocyte with granular material. (d) Lymphocyte. 
F1G. 27.-Megakaryocyte; below, thrombocyte; below right, plasma cell and two late normoblasts; 
below left, late normoblast; above, three late normoblasts and thrombocytes. 
FIG. 28.-(a) Thrombocyte; left, a larger and more basophilic young erythrocyte. (b) Centre, promega­
karyocyte; below left, three late normoblasts; above right, two late normoblasts; right, eosinophilic 
metamyelocyte. 
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FrG. 29.-Megakaryocyte. 
FrG. 30.-(a) Two stroma cells; above, pyknotic nucleus. (b) and (c) Strama cells. 
FrG. 31.-(a) Reticulum cell. (b) Promyelocyte; right, thrombocytes. (c) From left to right: normoblast 
in mitosis; erythroblast; reticulum cell. 
FIG. 32.-(a) Neutrophilic metamyelocyte; left, thrombocytes. (b) Two band neutrophils. (c) Neutrophilic 
metamyelocyte. 
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FIG. 3 3.-Typical field of bone marrow cells showing: neutrophilic myelocyte; neutrophilic metamye­
locyte; three band neutrophils; two segmented neutrophils; three lymphocytes; eosinophilic myelocyte; 
four normoblasts; eight late normoblasts. 
Fm. 34.-(a) From left to right: late normoblast; two band neutrophils; segmented neutrophil; below, 
band neutrophil. (b) Top, centre; eosinophilic metamyelocyte. Immediatel y  below, left to right: neutro­
phil ic metamyelocyte; damaged lymphocyte; two eosinophilic metamyelocytes. Below, left to right: 
eosinophilic metamyelocyte; normoblast; erythroblast in mitosis. 
FIG. 3 5.-(a), (b) and (c) Segmented neutrophils and erythrocytes of man. Note more distinct cytoplasm 
and granulation, more discrete lobulation, and larger erythrocytes as compared with Fig. 36. 
FIG. 36.-(a), (b) and (c) Segmented neutrophils. 
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TABLE I 
SIZES OF BONE MARROW CELLS IN SHEEP 
Range ',I Cell i N I 
ieroerythroblast -�--�---. -. ---.-. -iul 1 3.2 - 17.6 15 .0I 
Erythroblast j 34 I 8.8 - 14.3 11.31
0 305 
0.192 
0.161 Normoblast I 34 I 6.6 - 9.9 8.11 Late normoblast . . ' 34 · 2 8 - 6. 6 5 . I I 
I 
O 200 
------ 1 1 
I
I 0.161
0.090 
Young erythrocytes . . ' 17 11 5 5 - 7. 7 6. 6 3i-Mat�e eryt�ocytes 
_
_ . .  I 34 __ 3_3 __ - _ 5
_
. 5 __ _
_
_ 
4
_
.4
_
8 
Myeloblast .. . . .. 17 14 3 - 17.6 16.27 : 0.245 
Promyelocyte 17 I 13 .2 - 19. 8 15 .82 ' 0 461 
Neutrophil myelocyte -�-------251· 11 0 - 18. 7 
Neutrophil  metamyelocyte 34 I II 0 - 22. 0 14.65 0 359 J 3 96 0 437 
Neutrophil band ,. 34 9 9 - 14 3 11 70 0 181 
Neutrophil  segmented I 34 9. 9 - 13 2 11 . 77 0. 163 
Eosinophil  myelocyte 
Eosinophil  metamyelocyte 
Eosinophi l  band . .  
Eosinophil segmented 
Basophil myelocyte and metamyelocyte 8 ' I 
Basophi l  band and segmented . . IO 
Lymphocyte 
Plasma cell 
Monocyte .. 
Promegakaryocyte 
Megakaryocyte 
Reticulum cell 
Strama cell 
I! :1 
34 
I '� 
1 3  2 - 26.4 
11 0 - 16 . 5  
1 0  5 - 16.5 
9.9 - 14 .3  
12.1-·17 .6 
110- 15.4 
- ---- ---
-
18.20 0 447 
14.37 0 264 
12.75 0.230 
12 34 ; 0 224 
7 .7 - 13.2 9 .64 0 .253 
9 9 -- 12. I 11 . 22 0. 887 
9. 9 - 15 .4 12. 57 0. 315 
43 0 - 67 .0 55.40 4.654 
32.0 -121.0 " 1.87 3.619 
11 0 - 14 3 12.28 0 .524 
13. 2  - 19 8 15.46 0 539 \ 
-----
--·--·---- ---
-- --�------ ---
Normoblast (Figs. 2, 4, 5, 6, 8, 9, 10, 12, 13, 15, 16, 18, 22, 23, 25, 31, 33, 34) 
These cells have become smaller than erythroblasts with still darker nuclei. The 
chromatin is arranged in purple clumps, separated by unstained areas. The cytoplasm 
forms a very narrow ring around the nucleus and is of greyish-blue colour. 
Late normoblast (Figs. 1, 3, 5, 7, 9, 10, 15, 16, 17, 18, 22, 24, 27, 28, 33, 34) 
The late normoblasts are the smallest nucleated cells of the erythrocytic series. 
Here the nucleus forms one round dark mass in which one or several lighter spots may 
be seen. The cytoplasm forms a very narrow edge of bluish-grey colour around the 
nucleus. 
Erythrocytes 
These cells have lost their nuclei; morphologically two types can be distinguished. 
The younger type is larger and, when stained with Wright or May-Grunwald-Giemsa 
at about pH 7.0, is pale bluish-grey (Figs. 6b, 28a). The smaller, mature erythrocytes 
stain greyish-pink, pinkish-grey, or almost bluish-grey. They are more acidophilic than 
the young erythrocytes but more basophilic than human erythrocytes. 
The cells of the erythrocytic series of sheep distinguish themselves generally from 
their human counterparts in the colour and volume of their cytoplasm. It is smaller, 
more bluish, and leading to more basophilic and smaller erythrocytes. 
Myeloblast(Figs. 7, 11, 12) 
This is the youngest cell of granulopoiesis; the nucleus is round or oval, of 
reddish-purple colour, with the chromatin forming a fine network. There are usually 
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three to five and sometimes up to seven nucleoli. These nucleoli are paler than the 
surrounding nucleus and show a slightly bluish tinge. They are demarcated by a 
denser rim of chromatin. The cytoplasm is non-granular, dark blue, and often unevenly 
stained, being lighter next to the nucleus than at the periphery. 
Difficulties may arise in distinguishing between proerythroblasts and myeloblasts. 
The main differences are: the chromatin of the proerythroblast forms a denser or 
"stronger" network and the nucleus gives the impression of more "depth", probably 
due to its failure to spread out as fiat as the myeloblast; the nucleoli of the myeloblast 
are more distinct, having a slightly bluish tinge and a more pronounced demarcation 
of denser chromatin; the cytoplasm of the myeloblast is more reticular and generally 
paler than that of the proerythroblast. In contrast to corresponding cells in man, there 
is more cytoplasm in the myeloblast than in the proerythroblast. 
Promyelocytes (Figs. 8, 9, 10, 18, 31) 
The promyelocyte resembles the myeloblast except for a few to numerous small 
purple cytoplasmatic granules. The nucleus tends to show a slightly coarser network 
and the nucleoli are less distinct than in the myeloblast. In older forms the cytoplasm 
is less basophilic. 
Myelocytes (Figs. 11, 16, 17, 18, 19, 20, 22, 23, 25, 33) 
Myelocytes are generally classified as neutrophilic, eosinophilic, and basophilic, 
according to their intracytoplasmatic granules, which appear at this stage. 
In sheep the nuclei of myelocytes, conforming with those of other species, have no 
nucleoli, are round, oval, or slightly indented, and show a coarser, more deeply 
staining chromatin than the precursors. The cytoplasm of neutrophilic myelocytes of 
sheep gives an overall pale blue effect. On closer inspection it appears somewhat 
sponge-like, colourless "holes" being formed by a coarse blue network. In most 
myelocytes we find a lighter area in the cytoplasm near the indentation of the nucleus. 
This is the area where the characteristic granules are first seen, at least in eosinophils 
and basophils where they are orange and deep reddish-purple respectively. In neutro­
philic myelocytes no granules are seen with the usual haematological stains but can 
be demonstrated by other techniques (Winter, 1964b). 
Metamyelocytes (Figs. 3, 9, 11, 12, 13, 15, 17, 18, 21, 28, 32, 33, 34) 
The granulocytic cell becomes a metamyelocyte when the nucleus assumes kidney 
shape. The chromatin is then coarser, almost forming diffuse clumps. The cytoplasm 
of the neutrophilic metamyelocyte is almost unstained. On closer examination it forms 
a network of loosely knit, fine pale blue strands. 
Band cells (Figs. 11, 14, 15, 17, 22, 33, 34) 
These cells are smaller than metamyelocytes. The nucleus shows the characteristic 
band form with parallel sides, forming a U, S, or similar shape. The chromatin is 
arranged in coarse clumps. The cytoplasm is still less stained than in the metamye­
locyte, showing only faint traces of a reticular pattern. 
In older band cells, particularly when stained more intensely, small faint neutro­
philic granules may already be·seen. 
Segmented granulocytes (Figs. 2, 3, 10, 14, 15, 16, 17, 18, 20, 21, 22, 25, 33, 34, 36) 
Segmented cells may be taken as such, when the sides of the nucleus are no 
longer parallel but show definite waist-like indentations, although not necessarily to 
such an extent as to form thread-like connections between the lobes. Another char­
acteristic sign in sheep is a definite change in the chromatin pattern of the nucleus. Jt 
becomes more irregular, showing large clumps of deeply staining chromatin separated 
by much paler areas, The nuclei of most neutrophils form three to five lobes. The 
cytoplasm is usually colourless, otherwise very pale pink. The neutrophilic granules 
may be seen faintly in Wright and May-Grtinwald-Giesma stains in a narrow pH 
range, but not in Leishman and Giesma stains (Winter, 1964a). However, they can be 
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demonstrated distinctly, as far back as the myelocyte, by fat stains and the peroxidase 
reaction (Winter, 1964b). 
The cells of the eosinophilic and basophilic series are comparable to the ones of the 
neutrophi!ic series, themain difference being the characteristic cytoplasmatic granules. 
In eosinophils the granules are of orang� and in basophils of deep reddish-purple 
colour. 
In sheep, eosinophilic granules are occasionally seen in promyelocytes (Fig. l 8c). 
This may support the classification of Undritz (1952, p. 2), who has already divided 
myeloblasts and promyelocytes into neutrophilic, eosinophilic, and basophilic. The 
nuclei of the segmented eosinophils show usually fewer lobes than the neutrophils but 
more than the two mostly seen in human eosinophils. The purple granules, character­
istic for promyelocytes, may in sheep occasionally persist in myelocytes and even 
metamyelocytes. 
;_ 
Lymphocyte (Figs. 9, 10, 14, 17, 21, 25, 26, 33, 34) 
No differentiation has been attempted between lymphoblast and lymphocyte. 
When a cell was recognizable as lymphocytic, it was classified as lymphocyte. Im­
mature precursor cells would have been counted with the myeloblasts from which they 
are practically indistinguishable on morphological grounds. A differentiation between 
small and large lymphocytes, as seen in human material, is not apparent in sheep. The 
lymphocyte is easily recognized by its nucleus, which occupies most of the cell, is 
round or slightly indented, and shows a characteristic chromatin pattern. The 
chromatin forms darker stained purple clumps, separated by lighter areas of the same 
colour. In contrast to other cells, particularly erythroblasts, normoblasts, and mono­
cytes, the demarcation of the clumps is more diffuse and thus the nucleus has a less 
crisp and more cloudy appearance. The little cytoplasm is of clear, pale blue colour 
and, in about 10 per cent of the cells, contains a few fine azurophilic (purplish-pink) 
granules. 
Plasma cell (Figs. 24, 25, 26, 27) 
These cells are characterized by a basophilic cytoplasm and a relatively small, 
darkly staining nucleus. The cytoplasm is intensely greyish-blue, has no granules, but 
a tendency to uneven staining. Near the nucleus there is usually a round or oval, 
lighter to almost unstained area, The nucleus is eccentric, with darkly staining clumped 
chromatin. The cartwheel-like pattern of the nucleus, described as characteristic for 
plasma cells in other species, can only occasionally be seen in sheep. 
Megakaryocyte (Figs. 27, 29) 
These are the giant cells of the bone marrow. Wright's theory, according to which 
the thrombocytes (Figs. 3, 27, 28, 31, 32) originate in megakaryocytes, is now generally 
accepted. The cytoplasm shows a blue background with lighter and darker patches, in 
which numerous purplish-pink granules can be distinguished. The outline of the cell is 
irregular and may show some differentiation of granular platelets. The nucleus is 
irregular in shape, showing lobulation and, in the more mature cells, segmentation. 
The chromatin resembles that seen in band and segmented neutrophils; its pattern, 
however, is more delicate, showing finer clumps and granules. 
Promegakaryocyte (Fig. 28) 
A number of classifications of megakaryocytes have been proposed, but none of 
them is entirely satisfactory. I follow the system adopted by Stobbe (l 960, p. 158) 
whereby the immature precursors of megakaryocytes, which already show character­
istics of these cells, are called promegakaryocytes. This excludes megakaryoblasts, the 
very young cells which are difficult to distinguish from other blast cells and would 
probably be counted with myeloblasts. 
Monocyte (Figs. 23, 24, 26) 
In bone marrow smears, monocytes are more difficult to recognize in sheep than 
in man and may be confused with myelocytes, metamyelocytes, or even lymphocytes. 
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The nucleus varies in shape from round to highly indented and resembles in texture 
that of a more mature metamyelocyte, although perhaps with more definite clumping 
of chromatin. The appearance of the cytoplasm is somewhere between that of a meta­
myelocyte and a lymphocyte. It is pale bluish-grey and shows the "ground-glass" ap­
pearance usually described in the literature; however, this is less pronounced than in 
man. 
The difficulties in recognizing monocytes in sheep are caused mainly by the 
similarity of their cytoplasm to that of young neutrophils. In man, on the other hand, 
the cytoplasm of monocytes is more strongly basophilic, while the young neutrophils, 
apart from granulation, show an acidophilic cytoplasm from the myelocyte stage on. 
Reticulum cell (Fig. 31) 
Reticulum cells are amongst the larger cells of the bone marrow. The nucleus is 
round or indented and occasionally folded; the chromatin forms a delicate, sometimes 
more pronounced network which is paler than that of the proerythroblast and some­
times paler than that of the myeloblast. Several nucleoli inay be found. 
The cytoplasm is pale greyish-blue, slightly unevenly coloured, and often 
irregularly outlined. 
Stroma cell (Figs. 7, 17, 30) 
These cells are thought to be a type of reticulum cell, and, forming a syncitium, 
they act as supporting and interstitial tissue. U ndritz ( 1952, p. 68), who coined the term 
stroma cell, considers them the only reticulum cells of the bone marrow, as they are 
the only ones containing reticulin fibres. 
The nucleus is round or oval, rarely slightly indented. The chromatin forms a 
distinct cord-like pattern, showing a more open network than the other marrow cells. 
Nucleoli, if seen, are not distinct. 
The cytoplasm is pale greyish-blue and apart from fibres may contain various 
granules. The outline of the cells is indistinct, often forming a long "tail" giving the 
impression of partially torn off cytoplasm. Completely denuded nuclei may be seen. 
The granules are up to Iµ in diameter and either of a similar colour to that of the 
nucleus or of the characteristic blue colour ·seen in a positive Prussian blue reaction. 
Both types are usually found in the same cell. 
Separate macrophages are not apparent in the normal bone marrow of the sheep. 
Discussion 
The bone marrow cells of sheep resemble closely their human counterparts. 
Nevertheless there are differences in staining, size, and nuclear-cytoplasm relation­
ship which have to be borne in mind, particularly when possible changes due to 
pathological processes are to be investigated. 
In the myelocytic series the neutrophils vary significantly from the cells seen in 
man. With increasing maturity the cytoplasm becomes chromophobic rather than 
acidophilic, and the granules show no, or little affinity to haematclogical dyes. 
However, their presence can be demonstrated by fat stains and the oxidase reactions 
(Winter, l 964a, b ). 
The cells of the erythrocytic series are smaller than in man, and this is particularly 
noticeable in the more mature cells. Late normoblasts average 5 µin diameter, young 
erythrocytes 6.5, and mature erythrocytes 4.5 µ. The greater diameter of young 
erythrocytes compared with that of late normoblasts can be attributed to the change 
from spherical to disc shape of the cell. 
The smaller size of the erythrocytic cells is due to a smaller amount of cytoplasm, 
which in normoblasts and more so in late normoblasts forms only a narrow rim around 
the nucleus. With increasing maturity the cytoplasm loses its basophilia to a lesser 
degree than in man, and even after denucleation the young erythrocytes are still pale 
blue, becoming acidophilic only when fully matured and even then less so than in man. 
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In sheep we find generally less pronounced differences between the various cell 
types than in man, and it is often more difficult to distinguish particularly proerythro­
blasts from myeloblasts, and monocytes from myelocytes, metamyelocytes, and 
occasionally even lymphocytes. 
· 
Summary 
Although the bone marrow cells of sheep resemble closely their human counter­
parts, there are nevertheless notable differences which in the past have not been 
sufficiently recognized. Morphological details and illustrations of the sheep's cells are 
presented in this paper and, where differences exist, compared with their better known 
human counterparts. 
The most outstanding differences are the following. In the neutrophilic series the 
cytoplasm becomes chromophobic with increasing maturity rather than acidophilic, 
and the granules show little affinity to haematological dyes. The cells of the erythro­
cytic series are smaller, leading to erythrocytes with an average diameter of 4.5 p.. The 
smaller size is due to a smaller amount of cytoplasm, which in normoblasts, and mqre 
so in late normoblasts, forms only a narrow rim around the nucleus. The cytoplasm 
and the erythrocytes stain more basophilic than in man. Less pronounced differences 
in sheep between various cell types make it often more difficult to distinguish particu­
larly proerythroblasts from myeloblasts, and monocytes from myelocytes, metarnye­
Jocytes, and sometimes even lymphocytes. 
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